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Method and System for Assigning Circuits to a New Service Request 

in a Communications Network 

Field of the Invention 

The present invention relates generally to the field of network communications, 
and more particularly to servicing application service request to be admitted to a 
5 network. 

Background of the Invention 

Networks are the principal means for communicating multimedia between 
10 communication devices. The content of the multimedia can include data, audio, 
text, images, video, etc. Communication devices include input/output devices, 
computers, terminals, multimedia workstations, fax machines, printers, servers, 
telephones, and personal digital assistants. 

15 A multimedia network typically includes network switches connected to each other 
and to the communication devices by channels or circuits. The circuits can by 
physical or virtual. In the latter case, the circuit is specified by a source and 
destination address. The actual physical circuit used will vary over time, depending 
on network traffic and resource requirements and data capacity availability, usually 

20 expressed as "bandwidth." 

The multimedia can be formatted in many forms, but increasingly it is formatted 
into packets. Packets in transit between the communication devices may 
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temporarily be stored in buffers at the switches along the path of the circuit 
pending sufficient available bandwidth on subsequent circuits along the path. 

Important considerations in network operation are admission control and resource 
5 allocation. Typically, admission control and resource allocation are ongoing 
processes that are performed periodically during transmission of bit streams. The 
admission control and resource allocation determinations may take into account 
various factors such as network topology and current available network resources, 
such as buffer space in the switches and the bandwidth capacity of the circuits, any 
10 quality-of-service commitments (QoS), e.g., guaranteed bandwidth, and delay or 
packet loss probabilities. 

If the network resource requirements are over-estimated, then the network will run 
under capacity. Altematively, if the network resources requirements are 

15 underestimated, then the network may become congested and packets traversing 
the network may be lost, see, e.g., Roberts, "Variable-Bit-Rate Traffic-Control in 
B-ISDNr IEEE Comm. Mag., pp. 50-56, Sept 1991; Elwalid et al, "Effective 
Bandwidth of General Markovian Traffic Sources and Admission Control of High 
Speed Networks:' IEEE/ACM Trans, on Networking, Vol. 1, No. 3, pp. 329-343, 

20 1993. Guerin et al., "Equivalent Capacity and its Application to Bandwidth 

Allocation in High-Speed Networks,'' IEEE J. Sel. Areas in Comm., Vol. 9, No. 7, 
pp. 968-981, Sept. 1991. 

Transmission of digital multimedia over bandwidth-limited networks will become 
25 increasingly important in future Intemet and wireless applications. It is a 

challenging problem to cope with ever changing network parameters, such as the 
number of multimedia sources and receivers, the bandwidth required by each 
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Stream, and the topology of the network itself. Optimal resource allocation should 
dynamically consider global strategies, i.e., global network management, as well as 
local strategies, such as, admission control during individual connections. 

5 Admission control and resource is generally done at the ''edges" of the network in 
order to conserve computational resources of the network switches. While off-line 
systems can determine the exact bandwidth characteristics of a stream in advance, 
in many applications, on-line processing is desired or even required to keep delay 
and computational requirements low. Furthermore, any information used to make 
10 bandwidth decisions should be directly available in the compressed bit stream. 

As a characteristic, prior art adndssion control methods either grant or deny the 
request for service. In the prior art, admission control is applied to an incoming 
'0 request for a single transmission medium between a source and a destination. 

£l5 

in Knightly et al. in "D-BIND: An accurate traffic model for providing QoS 

m guarantees to VBR traffic;' IEEE Tr. Networking, vol. 5, no. 2, pp. 219-231, 1997, 

1^ describe introduces a traffic model for providing performance guarantees in 

integrated services networks. That model consists of a number of rate-interval pairs 
20 that are specified to the network at connection set-up time. However, for the online 
case, the arrival sequence is not known in advance and hence, parameter values for 
any traffic model are more difficult to obtain than in an off-line case. In that model, 
the admission criteria is a function of the deterministic delay bound, 

25 Therefore, there is a need for an improved method and system for dynamically 
allocating network resources at renegotiation points while transferring multimedia 
content over a network. 
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Summary of the Invention 

In order to obtain a statistical multiplexing gain, an admission control process must 
5 have a priori knowledge of a source's statistical properties which is difficult to 
obtain for live sources. The method provided in this invention does not require 
sources to specify how their traffic characteristics vary over time but only an 
application type. 

10 A server retrieves second order statistical properties of similar application types 
^ which are already under service and estimates a temporal bandwidth usage 
f behavior of a new request. The server determines a probability of circuit saturation 
f upon the admission of the new connection request. In other words, the probability 
J of exceeding a predefined utilization threshold on each transmission media. The 
15 server finalizes the admission decision and the selection of the transmission media 
based on the above probabilities. 

More particularly, a system and method selects a circuit to service an application 
request to transmit data over a network. The network includes one or more low and 
20 high bandwidth circuits. 

An average utilization is measured for each circuit in a circuit analyzer should the 
application request be assigned to the circuit. Then, an admission control unit 
assigns the application request to the high bandwidth circuit if the average 
25 utilization is less than a predetermined threshold, to the low bandwidth circuit if 
the average utilization is less than one, where one is a full utilization, and declines 
otherwise. The threshold is one minus a guard bandwidth of the high bandwidth 
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channel. The assigning is done with a switch for connecting the circuits to the 
appUcations making the requests. 

Brief Description of the Drawings 

5 

Figure 1 is a block diagram of a system that assigns circuits according to the 
invention; 

Figure 2 is a block diagram of a first traffic controller assigning circuits according 
10 to the invention using known application properties; 

■ Figure 3 is a block diagram of a method used by a controller of Figure 2; 

Figure 4 is a block diagram of a second traffic controller assigning circuits 
15 according to the invention using known application properties; 

Figure 5 is a block diagram of a method used by a controller of Figure 4; 

Figure 6 is a block diagram of Figure 5 to a greater level of detail; and 

20 

Figures 7 is a graph showing over-utihzation probabilities of data traffic. 
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Detailed Description of the Preferred Embodiment 

This description and the drawings make reference to the following terms in 
describing network and circuit characteristics: 

5 

Capacity of low bandwidth circuit 
Capacity of low bandwidth circuit 
Utilization of high bandwidth circuit at a time instant 
Mean of data rate of background traffic at time of service request 

Standard deviation of data rate of background traffic 
Guard bandwidth to prevent saturation of high bandwidth circuit 
Number of current application requests being serviced 
Number of taps on delay line 
Bandwidth of request 
Arrival rate of data 

Mean of data arrival rate of traffic at time of service request 
Standard deviation of data arrival rate of background traffic 

System Overview 

20 

As shown in Figure 1, the present invention provides a method and system for 
admission control and routing of multimedia content (''traffic") in response to 
service requests (0, N) 101 made by appUcations. As shown in Figure 1, the 
system includes a network server 100 with a traffic controller 200, and a circuit 
25 switch 120. The system is connected to a network 140 including a wireless 
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network 141, and the Internet 142. The switch 120 can connect any of the requests 
101 to any number of different circuits 131-132 of a network 140. 

As a characteristic, the various circuits of the network 140 have different 
5 bandwidth capacities. For example, the circuit 131 connects to the network via a 
low bandwidth capacity (Clb) base station of the wireless network 141 > and the 
circuit 132 to the network via a high bandwidth capacity (Chb) circuit of the 
Intemet 142. In the method according to the invention, the switching is based on 
properties of the applications and circuit conditions. As shown in Figure 1, the 
10 utilization 133 of the high bandwidth circuit at an instant in time for connection Xn 
is: 

Circuit Assignment with Known Application Properties 

J2 15 Figure 2 shows one embodiment of the invention where the traffic controller 200 
r: makes circuit assignments knowing properties of an application 230 making the 
service request 101. The traffic controller 200 includes a high bandwidth circuit 
traffic analyzer 210, and a first admission control unit (ACU-I) 220. The analyzer 
210 measures an average utilization Uh 133 of the high bandwidth circuit within 
20 the last M time slots, where M is an integer. The ACU-I 220 is provided with the 
circuit capacities Cib 201 and Chb 202, and a guard bandwidth A 203 provided via 
the switch 120. The guard bandwidth is to prevent circuit saturation. In other 
words, the guard bandwidth is an excess bandwidth available at any instant in time 
when the data rate is bursty. The ACU-I 220 is also provided with the request D 
25 221 from the apphcation 230. 
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As also shown in Figure 3, the ACU-I 220 determines 300 a utihzation Ul 228 and 
Uh 229 for each circuit 131-132 that would be due to the admission of the request 
221, based on the network parameters 201-203, and 133. 

5 

If the entire capacity of any circuit is used, the resulting utilization on that circuit is 
1 . In other words, the utilization on a circuit varies between 0 and 1, zero meaning 
no utilization and 1 meaning full utilization. The priority in the admission decision 
is given to the high bandwidth circuit 132 because of its greater capacity. 
10 Therefore, the availability of the high bandwidth circuit 132 is checked before the 
low bandwidth circuit 131. 

If the utilization Uh 228 on the high bandwidth circuit 132 would be less than a 
threshold defined by (1- A 203) with the admission of the request 101, the request 

15 101 is granted 301, and the requested appUcation service is connected to the high 
bandwidth circuit 132 by the switch 120. Otherwise, the utilization Ul 229 for the 
low bandwidth circuit 131 is determined. If the utilization on the low bandwidth 
circuit that would be due to the request 221 is less than one, then the requested 
application service is assigned 302 to the low bandwidth circuit 131 by the switch 

20 120. If neither case can be met, then the application request is declined 303. 

Circuit Assignment with Probabilistic Application Properties 

Figure 4 shows another embodiment of the invention where the traffic controller 
25 200 makes circuit assignments without knowing the properties of an apphcation 
230 making the service request 221. The traffic controller 200 includes a high 
bandwidth circuit traffic analyzer 410, and a second admission control unit (ACU- 
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II) 420. The analyzer 410 determines the average utilization Uh 133 of the high 
bandwidth circuit within the last M time slots, where M is an integer, as before. 
The ACU-II 420 is provided with the circuit capacities Cib 201 and Chb 202, the 
guard bandwidth A 203 via the switch 120. The guard bandwidth prevents circuit 
5 saturation or over-utilization. The ACU-II 420 is also provided with the request D 
221. 

The analyzer 410 also provides 41 1 the ACU-II 420 with the mean data arrival rate 
// s and the standard deviation (7$ of the data arrival rate of traffic with the 
10 identical application type as that of the request 221, and with the mean data rate 
5 and the standard deviation a w of the aggregate traffic on the high bandwidth 

111 circuit 132. This information is stored in a look-up table (LUT) 412 of the analyzer 

iB 410 and is updated based on the bit arrival amounts in every predetermined time 

.1 slot These statistical parameters, //w, <^w? Ms ^ (Js.are considered to be, but not 

13 15 necessarily, according to a Gaussian distribution for ease of analysis. In 

m computation of the parameters 41 1 , the bit arrival amounts in the last M 

n consecutive time slots are used. 

As shown in Figure 5, the ACU-II 420 determines 500 a probability Pr of 
20 exceeding a predetermined utilization threshold for each circuit, and selects 501 
the circuit with the lowest probability to service the request, provided that the 
selection criteria of the ACU-I 220 are also satisfied for the circuit with smallest 
probability so not to cause an over-utilization on the selected circuit. 

25 For instance, if the probability of exceeding a predetermined utilization threshold 
on the low bandwidth circuit is smaller than that on the high bandwidth circuit, 
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then the bandwidth demand D 221 is compared with the capacity of the low 
bandwidth circuit Qb 201. In case D 221 is less than Qb 201, the low bandwidth 
circuit 501 is selected to service the request. Otherwise, even though the 
probability of exceeding a utilization threshold on the high bandwidth circuit 132 
5 is higher than that on the low bandwidth circuit 131, if enough bandwidth is 

available for the bandwidth demand D 221 on the high bandwidth circuit, then the 
selection is made in favor of high bandwidth circuit 502. Otherwise, the request D 
221 for 101 is declined 503. 



This method can also be appUed to the communications networks with a single low 
bandwidth circuit, and multiple high bandwidth circuits between a client 230 and a 
server 100 in downstream direction. In this case, the smallest probability of any of 
the high bandwidth circuits is compared with the probability of the low bandwidth 
circuit, and the link selection criteria between these two circuits in ACU-II 420 is 
used. 

Figure 6 shows the analysis of Figure 5 in greater detail 601 is the closed form 
expression for the probability of exceeding the utilization threshold (1- A 203) on 
the high bandwidth circuit. This closed form expression 601 can be rewritten in 
20 terms of probabilistic Q function for Gaussian distributed background traffic bit 
arrival process w(n) on the high bandwidth circuit and s(n), the bit arrival process 
of the same application as new request 230 on the high bandwidth circuit, with 
parameters of the mean and standard deviation ^w, <7w. /^s. cTs411, 
respectively 602. The determination 603 is the probability of exceeding the 
25 utilization threshold on the low bandwidth circuit together with the admission of 
application 230. The determination 603 uses the statistical properties of the same 
application type being serviced on the high bandwidth circuit as the application 
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230, since prior to the admission of the application 230 the actual statistical 
properties of 230 is not known. 604 is the probabilistic Q function equivalent of the 
expression 603. 
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Figure 7 plots the probability of exceeding a predetermined utilization threshold 
represented by the z-axis 702 on both high 132 and low 131 bandwidth circuits at 
different values of // s represented by the x-axis 703, and 0"s represented by the y- 

axis 701 for given A203 of 0.1, Cib201 of 9000 bits/sec, Chb202 of 900000 bits/sec 
and N=88 identical applications. 



In Figure 7, a surface 710 shows the region denoting the probability of exceeding a 
predetermined utilization threshold (1- A 203) for the low bandwidth circuit. A 
surface 720 shows the region illustrating the probability of exceeding a 
predetermined utilization threshold for the high bandwidth circuit. These 
15 probabilities vary in time with the temporal behavior of the incoming traffic 

The surface 710 consists of two separate regions. The region 711 where the 
probability of exceeding a predetermined utilization threshold for the low 
bandwidth circuit is lower than that for the high bandwidth circuit, in which case 

20 low bandwidth circuit is selected to service the request provided that it also 
satisfies the constraint criterion given in ACU-1 220. The region 712 where the 
probability of exceeding a predetermined utilization threshold for the low 
bandwidth circuit is higher than that for the high bandwidth circuit, in which case 
the high bandwidth circuit is chosen to service the request provided that the 

25 criterion in ACU-1 220 is also fulfilled. 
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Although the invention has been described by way of examples of preferred 
embodiments, it is to be understood that various other adaptations and 
modifications may be made within the spirit and scope of the invention. Therefore, 
it is the object of the appended claims to cover all such variations and 
5 modifications as come within the tme spirit and scope of the invention. 
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